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354a Tuesday, March 8, 2011of monomeric NS3 helicase. The model is based on structural, biochemical and
single molecule measurements of the helicase. First, we have assumed that NS3
helicase walks unidirectionally by alternately moving its two translocase do-
mains forward one nucleotide (nt) at a time, as that being suggested for a similar
helicase PcrA. Second, in our model NS3 helicase displays diffusive character
uponATP binding (before helicase dissociation), due toweak affinity of the heli-
case to the ssDNA.Thehelicase diffusion leads to occasional backward steps and
increases displacement fluctuations that are supposedly detectable from single
molecule experiments. Further, our model suggests that NS3 helicase interacts
with the duplex at the ss-ds junction such that (i) the helicase can actively unwind
the duplex by reducing free energy of base pairing /stacking at the duplex end;
(ii) the helicase can be stabilized at the junction by its favorable association
with the duplex backbone. By fitting with NS3 unwinding data from single mol-
ecule optical-tweezer measurements, our model explains sequence dependences
of the unwinding velocity, efficiency, and helicase dissociation rate. In particu-
lar, based on the experimental data, we have quantified how active the NS3 heli-
case is in its unwinding, and estimated how fast the helicase diffuses in its ATP
bound state. The generic features of coupling ssDNA/RNA translocation with
duplex unwinding presented in our NS3 helicase model may apply as well to
other similar systems.
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The RSC Chromatin Remodeling ATPase can Translocate DNA with
High Force and Small Step Size
George Sirinakis1, Cedric R. Clapier2, Ying Gao1, Ramya Viswanathan2,
Bradley R. Cairns2, Yongli Zhang1.
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ATP-dependent chromatin remodeling complexes (remodelers) use the energy
of ATP hydrolysis to reposition and reconfigure nucleosomes. Despite their di-
verse functions, all remodelers share highly conserved catalytic ATPase do-
mains, many of which are shown to translocate DNA. Understanding
remodeling requires biophysical knowledge of the DNA translocation process:
how the ATPase moves DNA and generates force, and how translocation and
force generation are coupled on nucleosomes. Here we characterize the real-
time activity of a minimal translocase ‘motor’ complex isolated from a proto-
typical remodeler (RSC) on bare DNA, using high-resolution optical tweezers
and a ‘tethered’ translocase system. We observe on dsDNA a processivity of
~35 bp, a speed of ~25 bp/sec, and a step size of 1.9 (5 0.3, s.d.) bp. Surpris-
ingly, the motor is capable of moving against high force, up to 30 pN, making it
one of the most force-resistant motors known. We also provide evidence for
DNA ‘buckling’ at initiation. These observations extend and clarify measure-
ments of nucleosome-dependent translocation by the complete RSC or SWI/
SNF complex, and reveal the ATPase as a powerful and versatile DNA trans-
locating motor capable of disrupting DNA-histone interactions by mechanical
force using a small step size.
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The Enzymatic Motor Activity of Nonmuscle Myosin II-B is not Critical
for Cardiac Myocyte Cytokinesis
Xuefei Ma, Robert S. Adelstein.
NHLBI/NIH, Bethesda, MD, USA.
Nonmuscle myosin (NM) II is believed to drive contractile ring constriction
during cytokinesis and NM II-B is the major nonmuscle myosin II isoform ex-
pressed in cardiac myocytes. Ablation of NM II-B in mice resulted in premature
binucleation in cardiac myocytes consistent with a role for NM II-B in cytoki-
nesis. Surprisingly binucleation can be rescued by expressing a motor-impaired
mutant form of NM II-B (R709C) in the mouse heart, suggesting that NM II-B
enzymatic motor activity is not essential for cytokinesis. We tested this hypoth-
esis directly by using a COS-7 cell line which resembles cardiac myocytes in
containing only NM II-B and small quantities of NM II-C (<7%) but no NM
II-A. Previous work had shown that using siRNA to deplete NMHC II-B in
this cell line resulted in multinucleation due to a failure in cytokinesis. We
now show that COS-7 cell multinucleation can be rescued by transfecting
with mutant forms of NM II-B (R709C) or NM II-A (N93K). These two mutant
NM IIs have previously been shown to have marked reductions in their actin-
activated MgATPase activity (70% in the case of NM II-B and 96% in the case
of NM II-A) and neither could propel actin filaments in an in vitro motility as-
say. Importantly, cytokinesis is inhibited by the myosin II inhibitor blebbistatin
in COS-7 cells expressing either wild-type NM II-B or the mutant form of NM
II-A (or II-B). Whereas blebbistatin blocks myosin in an actin-detached state,
the mutant NM IIs (R709C II-B and N93K II-A) have no defect in their actin-
binding activity. Our results therefore argue that the role of NM II in cytokine-
sis depends more on its actin binding (cross-linking) property than its
enzymatic Mg2þ-ATPase activity.1917-MiniSymp
Dynein’s Dual Roles as a Motor and Tether in the Neuron
Adam G. Hendricks, Eran Perlson, Jacob E. Lazarus, Mariko Tokito, Yale
E. Goldman, Erika L.F. Holzbaur.
University of Pennsylvania, Philadelphia, PA, USA.
While the myosin and kinesin superfamilies achieve diverse functions through
a large number ofmotors, each specialized to its role, cytoplasmic dynein accom-
plishes varied roles in the cell through diverse interacting partners. We hypoth-
esized that in addition to its role in bidirectional organelle transport, mammalian
dynein might also play role in tethering microtubules at the cortex, analogous to
the well-characterized function of dynein in S. cerevisiae. We identified a direct
interaction between dynein and the neuronal cell adhesion molecule NCAM180
that recruits dynein to the cortex. To test the ability of dynein to tether microtu-
bule plus ends,microtubules containing short biotinylated segments at theminus
end were attached to the coverslip, allowing the non-biotinylated plus-ends to
exhibit diffusive movements. When dynein-coated beads were brought near to
the plus-end using an optical trap, the microtubule became tethered, while beads
coated with BSA or kinesin-1 did not effectively restrict lateral fluctuations. In
dynamic microtubule assays, plus-ends tended to associate with dynein-coated
beads and continue to grow, remaining in contact with a bead for 94þ/-18 s
(meanþ/-SEM). In contrast, encounters between growing plus-ends and BSA-
coated beads often led to catastrophe, decreasing the contact time to 45þ/-16
s. In live cell assayswe alsomeasured a significant increase inmicrotubule dwell
time in the vicinity of NCAM patches (189þ/-12 s, compared to 100þ/-7 s in
controls). Together, these data support amechanism inwhich dynein is anchored
to the cell cortex by NCAM180 and transiently tethers the plus-ends of microtu-
bules. Tetheredmicrotubules likely provide a direct connection between the cell
center and sites of cell-cell interaction, eithermechanically or as preferred routes
for transport, creating a powerful mechanism for cells to respond to or produce
stimuli in the extracellular environment.
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Kinesin-1/Hsc70-Dependent Mechanism of Slow Axonal Transport and its
Relation to Fast Axonal Transport
Sumio Terada1,2, Masataka Kinjo3, Makoto Aihara4, Yosuke Takei4,
Nobutaka Hirokawa4.
1TokyoMed Dent Univ Grad Sch, Bunkyo-ku, Tokyo, Japan, 2PRESTO, JST,
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Cytoplasmic protein transport in axons (‘slow axonal transport’) is essential for
neuronal homeostasis, and involves Kinesin-1, the same motor for membranous
organelle transport (‘fast axonal transport’). However, both molecular mecha-
nisms of slow axonal transport and difference in usage of Kinesin-1 between
slow and fast axonal transport have been elusive. Here, we show that slow axonal
transport depends on the interaction between the DnaJ-like domain of the kinesin
light chain in the Kinesin-1motor complex and Hsc70, scaffolding between cyto-
plasmic proteins and Kinesin-1. The domain is within the tetratricopeptide repeat,
which can bind tomembranous organelles, and competitive perturbation of the do-
main in squid giant axons disrupted cyto-
plasmic protein transport and reinforced
membranous organelle transport, indicating
that this domain might have a function as
a switchover system between slow and fast
transport by Hsc70. Transgenic mice over-
expressing a dominant-negative form of
the domain showed delayed slow transport,
accelerated fast transport and optic axonop-
athy without elevation of intraocular pres-
sure. These findings provide a basis for the
regulatorymechanism of intracellular trans-
port and its intriguing implication in the un-
derstanding of neuronal dysfunction such as normal tension glaucoma.
Platform AM: Imaging & Optical Microscopy
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Compact Multi-Color STED Microscopy
Johanna Bueckers, Lars Kastrup, Stefan W. Hell.
Max Planck Institute for Biophysical Chemistry, Goettingen, Germany.
Stimulated emission depletion (STED) microscopy enables fluorescence imag-
ing on the nanoscale with resolutions of 20 nm and beyond. As samples pre-
pared for far-field fluorescence microscopy are in general also suitable for
STED imaging, it has been applied advantageously in biosciences, in particular
investigations of subcellular structures and assemblies.
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studies we designed a setup which allows for STED imaging of up to three dif-
ferent labels (quasi-)simultaneously. This enables us to accurately investigate
the interplay of at least three differently labeled cellular components [1]. We
distinguish the labels by using different spectral properties of the dyes and,
in addition, by separating dyes with similar spectral properties but different
fluorescence lifetimes. The design intrinsically provides high spatial resolution
for all markers simultaneously, since in STED, the diffraction barrier is over-
come by reducing the effective volume in which fluorescence can occur spon-
taneously to a nanosized region at the very center of the STED beam. Our
approach is less prone to drift artifacts than e.g. stochastic imaging concepts
where the recording of even a small region of the object extends over the whole
image acquisition period, and it is not subject to systematic errors due to the
fluorophore orientations which have to be considered in stochastically based
high-resolution techniques.
[1] D. Neumann, J. Bu¨ckers, L. Kastrup, S. W. Hell, S. Jakobs: ‘‘Two-color
STED microscopy reveals different degrees of colocalization between
hexokinase-I and the three human VDAC isoforms,’’ PMC Biophysics, 3:4
(2010).
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3D Single Molecule Tracking in Thick Cellular Samples using Multifocal
Plane Microscopy
Sripad Ram1, E. Sally Ward1, Raimund J. Ober2,1.
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2University of Texas at Dallas, Richardson, TX, USA.
Protein transport across a cell monolayer represents a fundamental cellular pro-
cess in cell biology. However, the imaging of this process poses several chal-
lenges. Protein transport is highly dynamic occurring across the entire cell-
monolayer, which is several tens of microns thick, and over widely varying
time scales. Additional challenges arise if 3D single molecule tracking is
also desired that are particularly related to imaging single molecules for ex-
tended periods of time and across varying depths in a thick sample. Approaches
that use a focusing device are not well suited for such applications as they are
typically slow and suffer from poor z-localization/3D-tracking capability. To
date the 3D spatial-temporal dynamics of many biological processes are poorly
understood, as there is a lack of an appropriate methodology that supports 3D
single-molecule tracking in thick samples.
Here we show that multifocal plane microscopy (MUM) [1-2] provides the
much needed solution to this longstanding problem. While MUM has been pre-
viously used for 3D single molecule tracking across shallow depths (1 micron)
in live cells [2], the question arises if MUM can also live up to the significant
challenge of tracking single molecules in a thick sample. By substantially ex-
panding the capabilities of MUM, here we demonstrate 3D tracking of
quantum-dot labeled single molecules in a ~10 micron thick live-cell mono-
layer, for extended periods of time (minutes). We have implemented a 4-plane
MUM setup with increased focal plane spacing and a novel multicolor imaging
approach, which enables the imaging of the molecule of interest as well as the
cellular environment with which it interacts. Using this new methodology we
have reconstructed the complete 3D trafficking itinerary of single molecules
at high spatial and temporal resolution.
1. PNAS, 2007, 104:5889-5894.
2. Biophys J., 2008, 95:6025-6043.
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Picosecond Spectral Cars Imaging with Principal Component Analysis
Jeffrey L. Suhalim1,2, Chia-Yu Lin3, Chyong Nien4, Milos D. Miljkovic5,
Max Diem5, James V. Jester4, Eric O. Potma1,3.
1Beckman Laser Institute, University of California, Irvine, Irvine, CA, USA,
2Department of Biomedical Engineering, University of California, Irvine,
Irvine, CA, USA, 3Department of Chemistry, University of California, Irvine,
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Imaging methods based on vibrational Raman contrast offer label-free chemi-
cal imaging of tissues. Video rate imaging acquisition times can be achieved by
coherent Raman techniques, however, they do so only at a single vibrational
frequency - limiting a more in-depth chemical analysis of the tissue. The
most direct solution is to extend the measurement in the vibrational frequency
domain, which has been manifested in the development of broadband coherent
Raman methods. Unfortunately, the attributed acquisition time renders them to
be impractical in examining large tissue areas. In this study, we demonstrate
that picosecond spectral coherent anti-Stokes Raman scattering (CARS) imag-
ing combined with principal component analysis (PCA) can be utilized to
achieve fast high-resolution maps of lipids in tissues. Spectral CARS datasets were generated by imaging tissue sections at consecutive Raman shifts
in the CH2 stretching vibrational range. By avoiding spectral redundancy, the
acquisition time was shortened, whereas loss of spectral information was com-
pensated by a much higher information density in the spatial domain via PCA.
This resulted in sufficient spectral contrast, which was illustrated in our recent
application in characterizing lipids distribution and composition of the meibo-
mian glands in the context of dry eye disease. Spectral differences between
CARS spectra obtained from specific regions were confirmed with a Raman mi-
crospectroscopic analysis. The resulting multi-component chemical maps re-
vealed a lipid maturation process throughout the gland structure, which was
not observed before and may provide important clues toward understanding
meibomian gland dysfunction.
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Fast STED Microscopy for Live Cell Imaging
Marcel A. Lauterbach1, Volker Westphal1, Dirk Kamin2,
Chaitanya K. Ullal1, Silvio O. Rizzoli2, Stefan W. Hell1.
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We demonstrate Fast Stimulated Emission Depletion (STED) microscopy for
live cell imaging. The suitability of pulsed and cw lasers is shown.
Imaging with a spatial resolution of ~60 nm and a temporal resolution of 36 ms
(28 frames per second) was used for a detailed analysis of the motion of syn-
aptic vesicles in living neurons.
Automated data analysis via image processing and single particle tracking was
used for quantifying the motion behavior. We found that newly endocytosed
vesicles are highly mobile, for substantial time after endocytosis. They later un-
dergo a maturation process, integrating into clusters, where they exhibit little
mobility. After exocytosis, the vesicle material is temporarily on the plasma
membrane; the mobility of such vesicle components increased when higher
quantities of vesicle material were fused onto the plasma membrane.
Fast STED microscopy allows high-resolution imaging with up to 200 frames
per second, which is exemplified by the observation of colloidal-crystal
formation.
Our studies demon-
strate the emerging
ability of optical mi-
croscopy to investi-
gate not only
inanimate but also
intracellular physio-
logical processes on
the nanoscale in
real-time. The figure shows the movement of synaptic vesicles. Three frames
of a 30s movie. Scale bar 250nm.
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Super-Resolution Microscopy Reveals Protein Spatial Reorganization in
Early Innate Immune Responses
Jesse S. Aaron, Bryan Carson, Jerilyn Timlin.
Sandia National Laboratories, Albuquerque, NM, USA.
Over the past decade optical approaches were introduced that effectively break
the diffraction barrier. Of particular note were introductions of Stimulated
Emission/Depletion (STED) microscopy, Photo-Activated Localization Mi-
croscopy (PALM), and the closely related Stochastic Optical Reconstruction
Microscopy (STORM). STORM represents an attractive method for re-
searchers, as it does not require highly specialized optical setups, can be imple-
mented using commercially available dyes, and is more easily amenable to
multicolor imaging. We implemented a simultaneous dual-color, direct-
STORM imaging system through the use of an objective-based TIRF micro-
scope and filter-based image splitter. This system allows for excitation and
detection of two fluorophors simultaneously, via projection of each fluoro-
phor’s signal onto separate regions of a detector. We imaged the sub-
resolution organization of the TLR4 receptor, a key mediator of innate immune
response, after challenge with lipopolysaccharide (LPS), a bacteria-specific an-
tigen. While distinct forms of LPS have evolved among various bacteria, only
some LPS variations (such as that derived from E. coli) typically result in sig-
nificant cellular immune response. Others (such as from the plague bacteria
Y. pestis) do not, despite affinity to TLR4. We will show that challenge with
LPS antigens produces a statistically significant increase in TLR4 receptor
clusters on the cell membrane, presumably due to recruitment of receptors to
lipid rafts. These changes, however, are only detectable below the diffraction
limit and are not evident using conventional imaging methods. Furthermore, we
will compare the spatiotemporal behavior of TLR4 receptors in response to differ-
ent LPS chemotypes in order to elucidate possible routes bywhich pathogens such
